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Detailed report 

1 . Name of the invention 

manufacturing method for an optical disk substrate 

2. Sphere of patent request 
(requested clause 1) 

It is regarding a manufacturing method for an optical disk substrate which consists 
of the following processes: 

a process of manufacturing an optical master disk, which uses a laser beam which 
forms a spot on the photo resist layer on the rotating master disk; the photo resist is then 
developed to form grooves which are narrower than the land; 

a process of manufacturing a master stamper, which forms an electrically 
conductive film on the surface of the photo resist layer; forms an electroplated layer and 
then separates this electroplated layer from the photo resist layer; 

a process of manufacturing a mother stamper, which forms a electro plated layer 
on the surface where the grooves of the master stamper have been formed and then 
separates this electro plated layer from the master stamper; 
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a process of manufacturing an optical disk substrate which places this mother 
stamper in a mold with the grooves outside; this mold is filled with resin to form a 
substrate where the land on the surface of optical master disk above correspond to the 
grooves in the master; the optical disk is then released from the mold 

3. Detailed explanation of invention 
(field of industrial use) 

This invention is regarding a manufacturing method for an optical disk substrate. 
In more detail, it is regarding a manufacturing method for an optical disk substrate which 
has grooves wider than the lands. 

(prior art) 

Recently, information recording media which uses a high energy density beam such 
as a laser beam has been developed and has been in production. This information 
recording medium is called an optical disk, and it can be used as a video disk, audio disk, 
large capacity screen image file, and large capacity disk memory computers. 

The basic structure of an optical disk has a disk shaped clear substrate which 
consists of plastic or glass with a recording layer. On the surface of substrate on the side 
with the recording layer, to improve flatness of the substrate, bonding with the recording 
layer, or sensitivity of the optical disk, there are cases when a base coating layer or middle 
layer consisting of high molecular weight substance is used. 

Optical disks include read-only models, write-once models, and rewritable models. 
Among these, write-once and rewritable models have, in many cases, grooves which serve 
as a tracking guide on the lower layer of the recording layer. For recording, there are 
types which record on the land between the grooves and another type which records in the 
grooves. The proper type is selected appropriately considering the recording performance 
and drive performance of each optical disk. 

Among these, optical disks that record in the grooves use a substrate which has 
wide grooves, since the strength of reflected signals from the grooves is increased. Focus 
tracking and the improvement of the C/N ratio are remarkable. This type is often used. 
However, as will be explained later, since there is no method of manufacturing wide 
groove substrates with high accuracy, a method has been long awaited. 

As stated above, an optical disk with grooves before forming the recording layer is 
called a replica disk. They are generally manufactured as follows. 

First, a positive type photo resist layer is applied to the surface of a glass plate, 
etc., and a resist master disk is manufactured. Next, while the resist master disk is rotated 
at high speed, a laser beam is used to expose the resist layer. 

After the laser beam exposes the resist layer, the master is developed. Also, if 
necessary, baking is done for a fixed time, and an optical master disk with grooves is 
manufactured. Next, Nl electric casting is done using the optical master disk, molding is 
performed, and a stamper is manufactured. Using this stamper, replica disks are 
manufactured by methods such as injection molding, etc. In this case, grooves in the 
optical master disk become grooves in the replica disk. 

The laser beam is applied to the photo resist layer for manufacturing the optical 
master disk by using a laser cutting machine. That is, the laser beam from the laser beam 
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source of the laser cutting machine is controlled with respect to the intensity and focus, 
and it goes through a light-assembling lens. Then after forming a laser spot on the surface 
of the resist layer, the master is exposed. 

In the laser spot, the intensity distribution is a gaussian distribution and irradiation 
can be done effectively where the intensity distribution is 1/e 2 . When the intensity of the 
laser beam is lower than the intensity at 1/e 2 , it will not be sufficient for exposing the 
photo resist layer. In conventional laser cutting machines, the beam diameter at 1/e 2 
intensity distribution a laser spot is approximately 0.5 jam. Because of this, in 
manufacturing master disks for optical disks which has wide grooves (for example, a 
groove width of 1 \im or more) which are then used for manufacturing replica disks with 
wide grooves, conventional laser cutting machines have not been suitable for forming the 
wide grooves. To address this problem, a method if widening the effective beam area by 
increasing the amount of light in the laser spot is considered. However, there is a limit on 
the beam area. Also, since the groove width is easily changed depending on beam power 
or focus, it is not satisfactory for forming wide irradiation areas. 

In the public report of Japan patent No. S 61-236026, a method which adjusts the 
numerical aperture (NA) value which uses a light assembling lens or adjusts the 
distribution of the laser beam to form a wide spot on the surface of the resist layer of the 
master disk is discussed. However, in this method, the optical system of the laser cutting 
machine will be complicated. 

When the laser beam is applied to a master disk with a positive type photo resist 
layer, there is method of forming wide grooves by prolonging the time of the developing 
process. However, with this method the accuracy of groove measurement is unreliable. 

(object of this invention) 

The object of this invention is to offer a new manufacturing method for an optical 
disk substrate with wide grooves easily and accurately. 

(abstracts of this invention) 

This invention is regarding a manufacturing method for an optical disk substrate 
which consists of the following processes: 

a process of manufacturing an optical master disk, which uses a laser beam which 
forms a spot on the photo resist layer on the rotating master disk; the photo resist is then 
developed to form grooves which are narrower than the land; 

a process of manufacturing a master stamper, which forms an electrically 
conductive film on the surface of the photo resist layer; forms an electroplated layer and 
then separates this electroplated layer from the photo resist layer; 

a process of manufacturing a mother stamper, which forms a electro plated layer 
on the surface where the grooves of the master stamper have been formed and then 
separates this electro plated layer from the master stamper; 

a process of manufacturing an optical disk substrate which places this mother 
stamper in a mold with the grooves outside; this mold is filled with resin to form a 
substrate where the land on the surface of optical master disk above correspond to the 
grooves in the master; the optical disk is then released from the mold 
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Suitable manufacturing methods for the optical disk substrate of this invention are 
as follows: 

(1) a manufacturing method for an optical disk substrate where the groove width formed 
on the above optical disk substrate is at least 1 [xm or more measured at 1/2 groove depth. 

(2) a manufacturing method for an optical disk substrate where the above method is used 
in conjunction with an injection molding method, 2P method, or compression molding 
method. 

Detailed explanation of invention 

In this invention, from the master stamper which was formerly used for molding 
optical disk substrates, a mother stamper is manufactured, and manufacturing of optical 
disk substrates is done from this. 

That is, in this invention manufacturing of the optical disk substrate consists of an 
optical master disk manufacturing process, a master stamper manufacturing process, a 
mother stamper manufacturing process, and an optical disk substrate manufacturing 
process. 

The manufacturing method of this invention does not require complicated control 
of manufacturing devices such as adjustment of laser power or focus which is widely used 
to widen the groove when using a laser beam to expose photo resist in manufacturing 
master disks. In other words, after an optical master disk with narrow grooves is 
manufactured by using a laser beam to expose the photo resist layer by conventional 
methods, a mother stamper is manufactured using the master stamper, and an optical disk 
substrate is manufactured using this mother stamper. Because of this, the grooves and 
lands of the optical disk substrate will be a negative image of the optical master disk. In 
other words, the grooves in the optical master disk becomes the lands of the substrate, 
while the lands becomes the grooves. Therefore, according to the manufacturing method 
of this invention, it is possible to obtain an optical disk substrate with wide grooves and 
narrow lands easily. 

Next, the manufacturing method of the optical disk substrate of this invention is 
going to be explained using figure 1-A to figure 1-E (optical master disk manufacturing 
process and master stamper manufacturing process), figure 2-A to figure 2-B (mother 
stamper manufacturing process) and figure 3 -A to figure 3-B (optical disk substrate 
manufacturing process). These illustrations are representative of this invention. 

Figure 1-A is a cross section of a resist master disk 10. In the resist master disk 
10, a photo resist layer 12 (for example, a positive type) is formed on the surface of a 
glass plate 1 1 . After a laser beam modulated by information signals from the master tape 
or other source or a beam with fixed intensity is used to expose the master, the optical 
master disk with the construction in figure 1-B is developed to form a predetermined 
pattern. After the developing process, generally, heating is done for a fixed time, and a 
process which bonds the photo resist layer to the substrate is done. The optical spot 
diameter above would be in the range of 0.3 to 0.7 jim since it forms a relatively narrow 
groove. 

For a laser beam which forms a spot which has been modulated by the information 
signal, normally a laser cutting machine is used. The laser cutting machine used in this 
invention can be the same one which has been used in the past, and it is not limited 
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specifically. Also, the laser used in this process can be a conventional laser such as He/Cd 
or At. In this conventional laser cutting machine, the diameter at 1/e 2 of the intensity 
distribution is around 0.5 |im, a groove width close to this is formed on the photo resist. 
In figure 1-B, the low part is the groove 14, and the projected part is the land 15. The 
width of the above groove should be in the range of 0.3 to 0.7 urn at half depth. Up till 
this point, the process has been the optical master disk manufacturing process. 

Next, on the patterned surface of the optical master disk 12 in figure 1-B, an 
electrically conductive film 16 (thin film of metal with high electrical conductivity such as 
nickel) is formed by methods such as sputtering. Figure 1-C shows an optical master disk 
with a transparent film 16. The electrically conductive film should cover not only the 
surface of the photo resist layer 12 but also the side of the support so that the photo resist 
layer 12 would not be exposed to the environment. 

The electrically conductive film 16 formed as shown in figure 1-C forms an electro 
plated layer 17 by electro plating methods. Figure 1-D is a cross section which shows the 
final electro plated layer 17. 

Normally, the nickel electro plated layer is about 100 to 500 \im thick, preferably 
200 to 400 |im. 

The electro plated layer 17 is formed in good condition on the optical master disk 
13 by the process in figures 1-A to 1-D. Therefore, polishing of the surface opposite from 
the pattern can be done with high accuracy. The molding process is done to the inner and 
outer diameter, and a master stamper is obtained. Figure 1-E is a cross section which 
shows the electro plated layer 17 formed on the optical master disk 13 polished and 
separated from the optical master disk 13. After this, a molding process is done at the 
inner diameter and outer diameter to make a master stamper 18. Up to this point, the 
procedure is the master stamper manufacturing process. 

On the patterned surface of the master stamper 18, after a predetermined surface 
process is done, an electrically conductive film is formed and grown into an electro plated 
layer 22 by electro plating methods. Figure 2-A is a cross section which shows the electro 
plated layer 22 formed on the patterned surface of the master stamper 18 obtained by the 
master stamper manufacturing process. Normally, the nickel electro plated layer is in the 
range of 100 to 500 urn thick. Next, molding is done and it is separated, and the mother 
stamper 23 shown in figure 2-B is obtained. Up to this point, the procedure is the mother 
stamper manufacturing process. 

The grooves 24 on the mother stamper 23 are narrow and essentially the same 
shape as the grooves 14 in the optical master disk 14. Also, the land 25 corresponds with 
land 15. 

Figure 3 -A is a figure which shows this mother stamper 15 in a mold with the 
grooves outside. Next the mold is filled with resin 23 (the mold not shown in the figure) 
After molding, resin is released from the mold, and an optical disk substrate 32 is 
obtained. Up to this point, the procedure is the optical disk substrate manufacturing 
process. Any molding method which is generally used for molding optical disk substrates 
is sufficient. Among these methods, injection molding, compression molding, or 2P 
methods are preferred. Also, hot pressing or embossing thermo plastic resin can be used. 

The pattern on the surface of the optical disk substrate manufactured this way is 
naturally reversed from the mother stamper, and it is also reversed from the optical master 
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disk. Accordingly, the optical disk substrate has lands where the optical master disk had 
grooves, and the grooves are lands. That is, in an optical disk substrate with, for example, 
a track pitch (equivalent to the total of land width and groove width) is approximately 1.6 
^im; if the land is around 0.5 }im, the groove will be around 1.1 Jim. The groove of the 
optical disk substrate of this invention should be at least 1.0 |im or more at half depth. 

In the above manufacturing method for an optical disk substrate, the substrate 
material could be anything that can be molded. Examples include polycarbonate, 
polymethyl methacrylate, polyester, vinyl chloride type, and epoxy resin. 

The manufacturing method for an optical disk substrate explained above only 
describes one preferred method among many possible examples of this invention. This 
invention is not to be limited to the above construction. For example, the electrically 
conductive film and electro plated layer can be formed using metal other than nickel 

(effects of this invention) 

The manufacturing method for an optical disk substrate in this invention can 
manufacture an optical disk substrate with wide grooves simply and accurately. 

The manufacturing method of this invention does not require complicated control 
of devices such as laser power or focus of the laser which are normally required to make 
wide grooves in the photo resist in manufacturing a master disk. In other words, after an 
optical master disk with narrow grooves is manufactured by using a laser beam to expose 
the photo resist layer by conventional methods, a mother stamper is manufactured from 
the master stamper, and an optical disk substrate is manufactured using this mother 
stamper. Because of this, the grooves and lands of the optical disk substrate are reversed 
from the grooves and lands of the optical master disk. In other words, grooves in the 
optical master disk become lands on the substrate while lands becomes grooves. 
Therefore, according to the manufacturing method of this invention, it is possible to obtain 
an optical disk substrate with wide grooves and narrow lands easily. 

In manufacturing the optical master disk, the narrow groove formed by the laser is 
almost the same as the spot diameter of the laser. Because of this, it is possible to form 
grooves extremely accurately using the former laser cutting machine. Therefore, although 
an additional process of manufacturing a mother stamper from the master stamper is 
added, because forming the grooves in the optical master disk is easy and accurate, an 
optical disk substrate with high accuracy can be manufactured effectively. 

4. Simple explanation of figures 

Figure 1-A to figure 1-E are models for explaining the mother stamper 
manufacturing process of this invention. 

Figure 2-A to figure 2-B are models for explaining the mother stamper 
manufacturing process of this invention. 

Figure 3- A to figure 3-B are models for explaining the optical disk substrate 
manufacturing process of this invention. 

10: resist master disk 

1 1 : support 

12: photo resist layer 
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13: optical master disk 

14, 24, 35: groove 

15, 25, 34: land 

16: electrically conductive film 
17, 22: electro plated layer 
18: master stamper 
23: mother stamper 
3 1 : resin 

32: optical disk substrate 
Applicant: Fuji Shashin Film K.K. 

Assigned Representative: Masashi Yanagida, Patent Attorney 
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